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ABSTRACT

1. The Service Test Division conducted an evaluation of a
prototype universal air refueling drogue manufactured by Beech
Aircraft Corporation, to determine its compatibility with all
available Navy air refueling systems. The prototype was phys-
ically compatible with systems tested, however, a single flight
revealed serious design deficiencies in structural integrity
and stability, correction of which is mandatory for satisfactory
service use. It is recommended that the Beech Model 485 uni-
versal drogue not be accepted for service use in its present
configuration, and that research and development be continued
to obtain a satisfactory universal drogue.
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NAVAL AIR TEST CENTER
RAE331-147 U. S. NAVAL AIR STATION
ST31-185 PATUXENT RIVER, MARYLAND

17 Apr 1963

From: Commander, Naval Air Test Center
To: Chief, Burea u.of Naval Weapons

Subj: WEPTASK No. RA1200001/2011/F012 15 02, Problem
Assignment. No. RAE313-147, Fit Check and Flight
Test of Universal Air Refueling Drogue; Report #1,
Final Report

Ref: (a) WEPTASK No. RAl200001/20.l/FD12 15 02, Problem
Assignment No. RAE331-147 of 13 Sep 1962

(b) BuWeps ltr RAAE-331/92:POL, of 23 Oct 1962

INTRODUCTION AND PURPOSE

1. The subject problem assignment was established in refer-
ences (a) and (b) with a NORMAL effort level to determine
the compatibility of a unive-rsal air refueling (AR) drogue
with all available Navy AR systems.

DESCRIPTION OF TEST EQUIPMENT

2. Universal AR Dxopue.. The prototype universal AR drogue
(Beech model 485), manufactured by Beech Aircraft Corpora-
tion, was designed fox use in any existing Navy AR systemi
The design incorporated features to facilitate maintenance
and interxchangeability of parts.

3. The test drogue had three basic parts: an annular para-
chute, a mounting ring, and adjustable leaves, which con-
nected the pazachute to the mounting ring. The annular
pazachute had three cables as edge members in lieu of con-
ventional cord. Th.e mounting ring (figure 1) was a tingle
aluminum casting with integrally cast hinge pins. Each
leaf consisted of two aluminum channels with a flat bar
link forming an adjustable triangle (fiqure 2). The leaves
were joined to the mounting ring by hooking them to the
hinge pins in, a horizontal position and then raising them
vertically (figure 1) to receive the cables of the parachute,
A straight-headed pin and a, cotter piar closed the assembly
in one of four drag configurations (figure 2). The leaave's
were equally spaced about the cable-s by trapping them between
equa.lly-.spa:¢•ed steel balls which were swaged to the cables.
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The diogue was attached to a standaxd MA-2 xeception coupling
by eight mounting bolts. EitheT the complete dcrogue o- any
paTt was replaceable while the dxogue was attached to the MA-2
coupling. The leaves wexe painted with a :reflective white finish.

INEPIN

Mounting Ring

Figuxe I

BEECH MODEL 485 UNIVERSAL AR DROGUE SHOWING THE
MOUNTINQ RING WITH LEAVES HOOKED TO HINGE PINS
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FLAT BAR LINK
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w SETTING COEFFICIENT
OF DRAG

0 D-704 1.9

CD0 A-3 2.8
M KC-130F 2.6

0 A-5 2.25

--0 
AF-1E

I-ALUMINUM CHANNELS

Fig-ur e 2

LEAF OF BEECH MODEL 485 UNIVERSAL AR
DROGUE SHOWING DRAG ADJUSTMENTS

4. AlR Systems. All Navy AR systems employed in these tests
utilize hydiaulically opexated, electrically actuated hose
and Teel assemblies with standamd MA-2 xeception couplings
and collapsible drogues.

a. The Douglas model D-704 AR Stoxe is carried extemnally
on model A-4 ox model A-6 airplanes. The production drogue
is Dalmo Victor model DVR 90026 (figure 3).
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Figu-Te 3

DALM0 VICTOR AR DROGUE

b. The No-rth Ame'rican A-5 TankeT Package is designed fo,.r
installation in the lirneaT: bomb bay of the model A-5A ai~plane,
The hose and Teel ass-embly is Fletchex Aviation model FR300,
utilizing a Fletcher" dxogue (fig~uye 4) and a special tail cone
to collapse the. diogue and suppox:t it in the stowed position.

4



RAE331- 147
ST31-185

7ila~

F~P;I2~ R flUEST9Vm~PRI:c LIP ATTA~j~V~I U? AP K,~

c. The ockL~ ud V U-13 t -T(* e a ka e i e ig e o

d. heNo~h memca Lu~yTankex Package is designedtob

extezTnally on the rlodcl AF-lF airplane. The hose and xeelassembly is uflfcTd by Flight Pefucling IhcoxpoTateddThe Buddy Tankex Packacle used in this C'valua-Lion was notopexable and did not contain a hose and ieel assembly.
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,SCOPE AND METHOD OF TESTS

5. Th.e test drogue was fit checked in each available AR
system (paragraph 4) to determine physical fit in the
drogue stowage tunnel and whether or not tunnel fabriý.
cation peculiarities existed which would affect ejection
of the drogue from the fully retracted position. The
maintainability of the test drogue was evaluated by comrn
paring ease cf installation, removal,, disassembly, and
parts replacement with the production drogues of available
AR systems.

6. Flight test of the prototype universal drogue was
limited to one flight attached to the Douglas D-704 AR
Store installed on a. model A-4C airplane. Exten-sion
and retraction time-s were recorded at altitudes of 20,.000
and 30,000 ft at indicated airspeeds from 200 to 280 kt.
The pilots of two xeceiver airplanes (models A-5A and
A-6A) attempted AR engagements at the same altitudes and
airspeeds, and observed the drogue during all extension
and retraction cycles. Identical flight tests of the D-704
Store with the Dalmo Victor production drog-ue were conducted
before and after tests of the prototype 'universal drogue
for purposes of comparison and to. verify adjustment and
operation of the store.

PRSULTS AND DIS$CSSION

FIT CHECK

7. The test drogue was installed on the Douglas model
D-704 AR Store and KC-130F Tanker Package; ejection and
ietraction. operations were ground checked. The drogvae
did fit physically in the tunnels of both systems and no
tunnel fabrication peculiazitie's were discovered which
might affect ejection or retraction.

8, The Le-st drogue did fit physically in the tunnels of
the North American Buddy Tanker Package and the A-5 Tanker
Package but a functional check was not pezformed. No
tunnel fabrication pec'uliarities were discoveted which
might affect ejection or retraction.
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MAINTA ILLABILITY

Insta ilation

9. Maintenance effort required for installation and re-
moval of the test drogue was essentially the same as that
required for the Dalmo Victor drogue on. the Douglas model
D-704 AR Store and the Fletcher drogue on the KC-130F and.
A-5 Tanker Packages.

Maintenance

10. Commparison, with Dalmo Victor Drooue. The test drogue
was more easily maintained than the Dalmo Victor drogue
becau'se disassembly and parts, replacement were less diffi-
cult and less time consuming.

11. Comparison with Fletcher Drogue. The test drogue
was superior to the Fletcher drogue in ease of replacement
of mounting ring and leaves. Replacement of these sub-
assemblies on the test drogue required relatively simple
class E maintenance. Replacement of these subassemblies
on the Fletcher drogue requires drilling and riveting and
is normally performed as class D maintenance at the squad-
ton level or by a component repair activity.

12. The test drogue was inferior to the Fletcher drogue
in ease of parachute assembly replacement. To replace
this subassembly on the test drogue required removal and
re-ins.tallation of 36 cotter pin-s and 36 straight-headed
pins. On the Fletcher drogue, spring clips se-c~ure the
parachute as.sembly (figure .4) and replacement can b.e per-
formed witho~ut the use of tools. An improved system of
parachute attachment on the test drogue is desirable for
improved service -use.

13. Ge-neral. The improvements in the maintainability of
the test drogue over productior drog'ue-s were significant
in that, all repairs to the test drogue could be made ex-
peditiously at th.e class E maintenance level without xeý
moving the drogue from the airplane. Use of the universal
drogue on, all Navy AR systems would simplify logistic
support by Ted'ucing the variety of spare:s presently being
procured. Improved maintainability and simplified logis-
tic support justify continued reseaxch and development to
obtain a satisfactory universal AR drogue.
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FLI•GHT TEST

14. The test drogue operated satisfactorily a's a component
part of the Douglas model D-704 AR Store dxring extension
and retraction cycles within the limited flight envelope
(paragraph 6). Extension and retraction times were the
same with the test drogue as with the Dalmo Victor pro-
duction drogue. The drag of the test drogue was satis-
factory for use on the Douglas model D-704 AR Stoxe. The
drogue was stable during the extenision and retraction cy-
cles.

15. During AR approaches to the 'universal drogue pressu.ue
fields of the receiver airplanes forced the drogue upward
and/or outward. This. condition made the test drogue more
difficult to contact than the Dalmo Victor diogque. When
probe contacts were obtained at various off-center radial
positions on the drogue, it did not have sufficient sta-
bility to guide the coupling onto the probe nozzle. The
drogu.e repeatedly tumbled and slipped off the probe nozzle.
Only one successful engagement was accomplished and this
was the result of a dead center contact. Provision for
adequate stability of the universal drogue during the AR
approach and probe contact is manda-tory for satisfactory
service use,

16. Structural integrity of the test drogue was unsatis-
factory. During disengagement from the one successful
AR engagement,. the probe nozzle of the A-6A became en-
tangled with the cables in the dxog'ue parachute and wa's
observed to withdraw between leaves breaking two of the
three cables in the parachute. Two lengths of cable and
several swaged balls separated from the drog-ue and were
not recovered (figure 5). Several of the leaves were
distorted, at the slots which normally retain the swaged
balls (figure 6). Poor structur~al integrity and the
debris resulting from damage to the drogue constitute
a serious foreign object damage hazard to receiver air-
planes. Correction of this, deficiency is mandatory fox
satisfactor y service 'use.
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Fiqwuce 5

DAAETO BEECH MODEL 485 UNIVERSAL AR DROGUE
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.CONCLUSI.ONS

17. It is concluded that.:

a. To th-e extent tested, the Beech model 485 universal
AR drogue:

(1) Was physically compatible with the Navy AR
systems available (paragraphs 7, 8, and 14).

(2) Provided advantages in maintenance and inter-
changeability of parts over the production drogues of Navy
AR systems available (paragraphs 10 and 11).

b. The benefits of impmoved maintainability and
simplified logistic support which would be derived from
a satisfactory univexsal AR drog.e justify continued re-
search and development (paragraph 13).

c. Coxrection of the following deficiencies of the
Beech model 485 universal AR drogue is mandatoxy for sati-s-
factory service use:

(i) Insufficient stability during AR approaches
and probe contact (paragraph 15).

(2) Unsatisfactory structural integrity and re-
sultant foreign object damage hazard to receiver airplanes
(paragraph 16).

d. Correction of the inferior method of parachute
attachment to the drogue is desirable for improved service
use (paragraph 12).

,RECO•NDAENTI0N$

18. It is recommended that:

a, The Beech model 485 u•niversal air refueling drogue
not be accepted fore service use.
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b . Re-s~eaxch and, development be co~ntinued to obta~in
a sa~tisfa~ctoxy unive~rsal aix xef-uelinig drogue.

PAUL H. RAMSEY

S1 (r O
E. C,. McGOWAN
By direction


